Liver-type fatty acid-binding protein (L-FABP
in the assessment and prognosis of cirrhosis (1) or decompensated cirrhosis, (2) respectively. However, the predicted rate of survival is also greatly influenced by the concomitant stage of HCC, which occurs in chronic liver diseases, but is not factored into either of the two scoring methods. Recently, the albuminbilirubin (ALBI) grade was established as an objective hepatic function reserve estimation used instead of the CPS. (3) The ALBI grade is associated with HCC progression, (4, 5) but requires further investigation before mainstream clinical applicability. Therefore, we need to further develop highly precise and predictive prognosis factors for chronic liver diseases that include HCC in their overall measurement.
Liver-type fatty acid-binding protein (L-FABP) is an endogenous antioxidant protein and is expressed primarily in the liver as well as the proximal tubular epithelial cells in the kidney. Urine L-FABP levels derived from proximal tubular epithelial cells are elevated in renal tubular injury episodes and are therefore used as an established marker of several kidney diseases, including acute kidney injury and chronic kidney diseases. (6) (7) (8) (9) In the normal liver environment, L-FABP is a key regulator of fatty acid metabolism. (10) Serum L-FABP levels are used to monitor fibrosis and hepatocellular damage during liver surgery (11) in both nonalcoholic steatohepatitis (NASH) patients (12) and patients infected with hepatitis C virus (HCV). (13) L-FABP levels are also elevated in human HCC tissues, (14) but the elevation observed within tumors does not translate into elevated levels within the blood. Furthermore, serum L-FABP levels are associated with poor survival rates in acute liver failure caused by acetaminophen. (15) Despite all of this, the clinical significance of L-FABP as a prognostic factor has not been addressed with regard to chronic liver diseases, including HCC.
In this study, we investigated the association between serum L-FABP levels and liver function, ALBI score, and HCC, and we explored the link between L-FABP levels and the survival rate in human chronic liver diseases, including CH, LC, and HCC.
Materials and Methods

Human samples
The study protocol was approved by the ethics committee of Mie University. This study was performed retrospectively on stored samples, and patients could opt out of their data. Patients (n = 242) were recruited by their stage of chronic liver disease. Liver cirrhosis was diagnosed based on morphologic changes of the liver such as hypertrophy of the left lateral and caudate lobes, or atrophy of the right posterior hepatic lobe on ultrasonography and through blood tests, and/or computed tomography (CT), magnetic resonance imaging (MRI), FibroScan (Echosens, French) results, and esophageal varix by endoscopy, as is the general protocol. HCC was diagnosed based on histological findings or typical imaging characteristics, and HCC patients were grouped by the Barcelona Clinic Liver Cancer (BCLC) staging classification. (15) Patients who had other malignancies within the past 3 years, severe hepatic failure (MELD score ≥ 30), uncontrollable infection, heart failure greater than the New York Heart Association-defined category of class II, human immunodeficiency virus infection, pregnancy, or psychiatric problems were deemed to be unsuitable for clinical study. As a general rule, the follow-up examinations included routine physical examinations and biochemical tests (1-3 monthly) and diagnostic imaging studies including ultrasonography, multiphase CT, or dynamic contrast-enhanced MRI (6 monthly).
BlooD pRepaRation
Blood samples were collected when patients showed up at the hospital, and alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin (ALB), alkaline phosphatase (ALP), gamma-glutamyltransferase (γ-GT), total bilirubin (T-Bil), sodium (Na), platelet (PLT) count, prothrombin time (PT), cholinesterase (ChE), alpha-fetoprotein (AFP), and des-gammacarboxy pro-thrombin (DCP) were measured. Blood samples were kept at −80 days until L-FABP measurement, using a high-sensitivity human L-FABP enzyme-linked immunosorbent assay kit (CMIC Holdings Co., Ltd, Tokyo, Japan) according to manufacturer's instruction. The fibrosis index based on 4 factors (FIB-4) (17) and ALBI score (3) were calculated.
statistiCal analyses
All data are expressed as mean ± SD. Data were analyzed using Manny-Whitney U test in two groups and one-way analysis of variance for comparison of continuous variables. Correlation was determined using single regression analysis or Spearman ranksum test. For each continuous variable, the optimal cutoff value that maximized the sum of sensitivity and specificity was selected using receiver operating characteristic [curve] (ROC) analysis for survival. The cumulative survival rates were estimated with the Kaplan-Meier method and compared between groups by the log-rank test. The statistical analyses were performed using Prism (GraphPad Software, Inc., La Jolla, CA) for comparison of continuous variables and SPSS version 22 (SPSS Japan, Inc., Tokyo, Japan) for univariate and multivariate Cox regression analyses. Differences were considered to be significant at P < 0.05.
Results
seRum l-FaBp leVels CoRRelate WitH liVeR enZyme leVels, liVeR FunCtion, anD alBi sCoRe
We investigated whether serum L-FABP levels can be used as a prognostic factor in human chronic liver diseases, including CH, LC, and HCC. We recruited 242 patients (100 CH and 142 LC), 153 males and 89 females, with a mean age of 67.3 ± 11.0 years. The cohort of study patients were admitted to our investigation based on a variety of causative agents: 23 hepatitis B virus (HBV), 114 hepatitis C virus (HCV), 26 NASH, 33 patients with alcoholism, 15 primary biliary cholangitis/autoimmune hepatitis, and 31 others (Table 1) . We identified 144 of 242 patients who presented with HCC in addition to their underlying chronic liver disease (Table 1) . Within our cohort, we had subgroups of patients who were receiving drugs for the treatment of other underlying conditions: 33 patients taking lipid-lowering agents, 63 patients taking antihyperglycemic agents, and 100 patients taking antihypertensive drugs. Serum L-FABP levels were significantly correlated with ALT (r = 0.269; P < 0.0001); AST (r = 0.526; P < 0.0001); ALB (r = −0.411; P < 0.0001); ALP (r = 0.298; P < 0.0001); γ-GT (r = 0.151; P < 0.05); ChE (r = −0.384; P < 0.0001); Na (r = −0.311; P < 0.0001); and PT (r = −0.239; P < 0.001) (Fig. 1A) , suggesting a predictive ability inherent in serum L-FABP levels for liver damage. There were no significant correlations between L-FABP levels and age, T-Bil (P = 0.066) or PLT count, body mass index, the presence of type 2 diabetes mellitus, or the parallel administration of medications (lipid-lowering agents, antihyperglycemic agents, and anti-hypertensive drugs) in select patients. When we divided our cohort into four groups, CH without HCC (CH-non-HCC), CH with HCC (CH-HCC), LC without HCC (LC-non-HCC), and LC with HCC (LC-HCC) (Table 1) , serum L-FABP levels were significantly correlated with AST in all groups and ALT in three groups. Serum L-FABP levels were also significantly correlated with ALB, ALP, γ-GT, ChE, Na, and PT in one or more groups (Supporting Table S1 ). Due to serum L-FABP levels being significantly correlated with liver function, we investigated whether serum L-FABP levels are associated with ALBI score and the presence of HCC. We also compared serum L-FABP levels with serum ALB, a known clinical prognostic factor included in many scoring methodologies. Serum L-FABP levels were significantly increased in LC patients compared with CH patients (L-FABP: P < 0.01; ALB: P < 0.0001) (Fig. 1B) , and were significantly correlated with ALBI score (r = 0.457; P < 0.0001) (Fig. 1C) as well as ALBI grade (G) (G1 versus G2: P < 0.01; G1 versus G3: P < 0.0001; G2 versus G3: P < 0.01) (Fig. 1D ). As expected, serum ALB levels were significantly decreased, corresponding to ALBI grade (P < 0.0001) (Fig. 1D ).
seRum l-FaBp leVels signiFiCantly inCRease in HCC
We further investigated whether serum L-FABP levels were affected by HCC. Serum L-FABP levels were significantly elevated, and serum ALB levels were significantly decreased, in the presence of HCC compared with patients without HCC (both L-FABP and ALB: P < 0.0001) ( Fig. 2A) . Notably, serum L-FABP levels were 2-fold higher in the presence of HCC compared with the absence of HCC within the CH and LC cohort (both P < 0.01), and serum ALB levels were lower in the presence of HCC compared with the absence of HCC within the CH cohort (P < 0.05), but were similar regardless of HCC status in the LC cohort (Supporting Fig. S1 ). Moreover, serum L-FABP levels were significantly correlated with several blood tumor markers, namely, DCP (r = 0.459; P < 0.0001) (Fig. 2B) and AFP (r = 0.221; P = 0.009) (Fig. 2C) . Serum Note: Values are presented as mean ± SD. Abbreviations: AIH-PBC, autoimmune hepatitis-primary biliary cholangitis; ALD, alcoholic liver disease; BMI, body mass index; and T2DM, type 2 diabetes mellitus. L-FABP levels were gradually increased corresponding to BCLC stage (BCLC A versus BCLC C: P < 0.01), and serum ALB levels were significantly decreased in BCLC D (BCLC A, B, or C versus BCLC D: P < 0.0001) (Fig. 2D) . These results indicate that serum L-FABP levels were continuously elevated in CH, LC and HCC, and can be used in the diagnosis of chronic liver diseases, including those coupled with HCC. 
seRum l-FaBp leVels aRe a pRognostiC FaCtoR FoR suRViVal
We examined the rate of survival within our study group and found that 71 patients, out of 242, died (called deceased in the following sentences) within the follow-up period of 1,054 days (median of 677 days). Within 180 days of our follow-up period, we could no longer account for 14 patients due to hospital transfer. According to hospital records, all causes of death were considered liver-related. Serum L-FABP levels were significantly increased and ALB levels were significantly decreased in the deceased group compared with the survival group (L-FABP and ALB: P < 0.0001) (Fig. 3A) . ROC analyses yielded area under the curve (AUC) values of 0.765 (95% confidence interval [CI]: 0.6989-0.8303; P < 0.0001) for serum L-FABP levels (Fig. 3B) , whereas an AUC value of 0.709 (95% CI: 0.6363-0.7812; P < 0.0001) was observed for ALB levels (Fig. 3B) . Finally, we calculated the cutoff value of serum L-FABP levels to be 6.8 ng/mL, and ALB levels to be 3.2 g/dL. Patients with serum L-FABP > 6.8 ng/mL showed significantly increased ALT, AST, γ-GT, ALP, FIB-4 index, ALBI score, DCP, AFP, and an elevated presence of HCC, whereas ALB, ChE, Na, and PLT were significantly decreased in patients with serum L-FABP ≤ 6.8 ng/mL ( Table 2 ). The survival rate was significantly decreased in patients with serum L-FABP > 6.8 ng/mL compared with patients with L-FABP ≤ 6.8 ng/mL (P < 0.0001) (Fig. 3C ) and similar observations in patients with ALB ≤ 3.2 g/dL (P < 0.0001) (Fig. 3D) . Furthermore, being male (P < 0.01) (Fig. 3E) and over 65 years old (P < 0.01) (Fig. 3F ) appeared to negatively impact overall survival rate. This phenomenon was the same in the cohort presenting with HCC (L-FABP: P < 0.0001 and ALB: P = 0.002). Furthermore, serum L-FABP levels were more accurate than ALBI score in HCC patients when determining prognosis (L-FABP: AUC 0.731 and ALBI score: AUC 0.649, P = 0.002) (Supporting Fig. S2 ). We further analyzed the rate of survival within our four targeted groups: CH-non-HCC, CH-HCC, LC-non-HCC, and LC-HCC (Supporting Fig.  S3A-D) . Based on ROC analysis, serum L-FABP was a better prognostic marker than ALB when we the compared the CH-non-HCC, CH-HCC, and LC-HCC groups (Supporting Fig. S3A,B,D) . In model 1 we used univariate Cox regression analysis, which included the ALBI score without ALB, and found that HCC (hazard ratio [HR] 8.0; P < 0.001), serum L-FABP (HR 7.6; P < 0.001), LC (HR 3.2; P < 0.001), ALBI score (HR 3.2; P < 0.001), gender (HR 2.1; P = 0.007), and age (HR 1.0; P < 0.001) were independent predictors of survival (Table 3 and  Supporting Table S2 ). Moreover, we used multivariate Cox regression analyses to assess serum L-FABP (HR 4.0; P < 0.001), HCC (HR 3.7; P = 0.001), ALBI score (HR 2.7; P < 0.001), and age (HR 1.0; P = 0.049) as independent predictors of survival, but excluded FIB-4 index values, LC, and gender in our calculations (Table 3) . In model 2 we used univariate and multivariate Cox regression analyses, including ALB without ALBI score, and found HCC (HR 4.0; P < 0.001), serum L-FABP (HR 3.8; P = 0.001), ALB (HR 3.4; P < 0.001), and age (HR 1.0; P = 0.029) to be independent predictors of survival (Supporting Table S2 ). These results reveal serum L-FABP levels to be a prognostic factor in chronic liver disease, such as CH and LC, including patients presenting with concomitant HCC.
seRum l-FaBp leVels aRe a pRognostiC FaCtoR in patients WHo maintaineD liVeR FunCtion (alB > 3.5)
ALB level is a well-established prognostic factor in liver disease and is incorporated into various scoring systems, such as ALBI grade and CPS. However, ALB levels are not affected by HCC, suggesting that the current scoring systems may not diagnose HCC patients in a cohort with high ALB levels. Therefore, we investigated whether serum L-FABP levels are useful as a prognostic factor in a subgroup of patients who maintain liver function with ALB > 3.5 g/dL, which is indexed as class A within CPS. In our chosen subgroup, serum L-FABP levels were significantly increased in the deceased group compared with the survival group (P < 0.0001) (Fig. 4A) , and ALB levels were significantly decreased in the deceased group (P < 0.01) (Fig. 4A) . Notably, ROC analysis yielded AUC values of 0.751 (95% CI: 0.6593-0.8416; P < 0.0001) for serum L-FABP and an AUC value of 0.643 (95% CI: 0.5420-0.7436; P = 0.011) for serum ALB (Fig. 4B) . We calculated the cutoff value of serum L-FABP levels to be 6.8 ng/mL, and ALB levels to be 4.2 g/dL. The survival rate was significantly decreased in patients with serum L-FABP > 6.8 ng/mL compared with patients with L-FABP ≤ 6.8 ng/mL (P < 0.0001) (Fig. 4C) as well as patients presenting with ALB ≤ 4.2 g/dL (P = 0.002) (Fig. 4D) . Furthermore, being male (P = 0.006) (Fig. 4E ) and over 65 years old (P = 0.005) (Fig. 4F) were predictive of a poor survival rate. Using univariate Cox regression analysis, HCC (HR 21.8; P < 0.001), serum L-FABP (HR 7.6; P < 0.001), ALBI score (HR 3.7; P = 0.004), gender (HR 2.6; P = 0.017), LC (HR 2.6; P = 0.007), and age (HR 1.1; P < 0.001) were independent predictors of survival (Table 4) . Using multivariate Cox regression analyses in our subgroup of patients, HCC (HR 13.9; P < 0.001) and serum L-FABP (HR 4.4; P = 0.002) were independent predictors of survival; however, FIB-4 index value, ALBI score, LC, age, and gender were not selected (Table 4) . These results reveal that serum L-FABP level is a prognostic factor in chronic liver diseases from CH to LC, including those with concomitant HCC, and patients who maintained liver function.
Discussion
Our study demonstrates that serum L-FABP levels are significantly correlated with liver function, as well as ALBI score, and increased in the LC group presenting with HCC. We also verified that serum L-FABP levels can be used as a prognostic factor in chronic liver disease patients. Notably, AUC values of serum L-FABP levels were higher than that of serum ALB levels in 242 chronic liver disease patients, as well as in the subgroup that maintained liver function (ALB > 3.5). Using multivariate Cox regression analyses, serum L-FABP was the first criterion to be used as a prognostic factor in 242 patients and the second criterion (HCC was the first) for prognostic capacity in the subgroup who maintained liver function.
Serum L-FABP levels are strongly correlated with liver function when analyzed with ALT, AST, ALB, ALP, ChE, and Na. Furthermore, serum L-FABP levels were increased in patients with HCC compared with patients without HCC. A variety of experiments using mouse models and in vitro cell work showed that L-FABP regulates fatty acid metabolism associated with peroxisome proliferator-activated receptor alpha (PPARα in β-oxidation (16) and is involved in hepatocellular damage as well as oxidative stress, thus contributing to the progression of liver disease through increased hepatic steatosis and the subsequent activation of hepatic stellate cells. (17) (18) (19) Performing immunohistochemistry on liver sections showed L-FABP protein to be expressed in human HCC tissue associated with vascular endothelial growth factor A expression using 90 HCC cases. Furthermore, L-FABP promotes tumor growth and metastasis in animal models (14) and can be used for hepatocellular adenoma (HCA) subtype classification due to the decrease of L-FABP proteins in HCA. (20) The biological functions of L-FABP in the liver will reflect the increase of serum L-FABP levels associated with overall liver function in human chronic liver disease patients, including those presenting with HCC. ALB levels are included in a variety of scoring systems used to diagnose overall liver condition and to predict patient survival. Therefore, we compared serum L-FABP levels to ALB levels within various subgroups: (1) CH and LC, (2) ALBI grade, (3) presence or absence of HCC in all patients, and (4) presence or absence of HCC in LC. Serum L-FABP levels were significantly increased in LC patients when compared with CH patients and significantly correlated with ALBI grade, but these differences were eliminated, or observed to be slightly decreased, when measuring ALB levels. Furthermore, serum L-FABP levels and ALB levels were significantly elevated in the presence of HCC compared with the absence of HCC in all patients. Notably, we found that serum L-FABP levels were significantly elevated in the presence of HCC compared with the absence of HCC within the LC cohort, but ALB levels were not changed regardless of HCC status, meaning that serum L-FABP has an advantage in diagnosing HCC within the LC cohort, whereas ALB levels have a limitation due to not being influenced by HCC status. This finding is significantly important because LC patients have a greater risk of HCC compared with CH patients.
In this study, we also showed that patient survival rate can be predicted based on serum L-FABP levels greater than or equal to 6.8 ng/mL in chronic liver diseases, from CH to LC and HCC. The CPS and ALBI grade are used as predictive measures for patient prognosis in those who have cirrhosis and chronic liver diseases following liver failure, (1, 3) but these scores do not consistently reflect complications, such as HCC, in chronic liver diseases. Serum AFP and DCP levels are used for HCC stratification in the clinic; however, these are not appropriate for HCC surveillance. (21) Although angiopoietin 2 and vascular endothelial growth factor levels are reported as potential prognostic factors in HCC patients, they have yet to be established as specific biomarkers. (22, 23) Our data indicate that serum L-FABP levels are significantly increased in the deceased group compared with the survival group in the cohort presenting with HCC (P < 0.0001), suggesting that serum L-FABP levels have the potential to be a prognostic factor and may be useful as a diagnostic factor during HCC treatment. Having said that, further study is required using a larger cohort of HCC patients, as well as using multiple samples per patient in order to establish reproducibility.
In conclusion, serum L-FABP level is a prognostic factor that correlates with functional measures of the liver and ALBI score in human chronic liver disease patients, including CH, LC, and HCC. Moreover, serum L-FABP levels will be useful in predicting the rate of survival in patients who maintain liver function during the course of their disease.
